Abstract: Over concerns about private school students' advantages in standardized tests, beginning in 1995-96 the University of Puerto Rico (UPR) implemented a new admissions formula that reduced the weight they previously had in the General Admissions Index (GAI), on which its admissions decisions are based. This study seeks to determine the possible effects of the new GAI regarding both its objective of promoting equity in the student body composition and as a measure of academic aptitude capable of predicting student success. With these aims, the study compares the old and new GAI averages of 11 consecutive entering cohorts at the Bayamón campus of the UPR, and models the graduation GPA (GGPA) of 6 of these cohorts. Evidence shows that (a) the new GAI eliminated private school students' advantage over those from public schools and reduced to a minimum the gap between genders; (b) female students obtain significantly higher GGPAs and epaa aape Education Policy Analysis Archives Vol. 22 No. 96 2 exhibit other advantages when compared to males, while public and private school students' academic outcomes are broadly similar; (c) the probability of accessing a determined boundary in the GGPA distribution is significantly and nonlinearly related to the GAI; (d) GGPAs exhibit an uptrend that varies inversely and significantly with the GAI, and (e) the probability of being in the lower bounds of the GGPA distribution increases to the extent that graduates exceed graduation required time. Keywords: college admission; equity; educational opportunities; standardized tests; grade point average; graduation lags; modeling college graduation GPA; Puerto Rico.
Introduction
In the context of burgeoning demand for admissions during the past decades, one of the most compelling issues faced by colleges and universities has been establishing admission policy criteria that allow them to limit entry to students who are most likely to succeed in attaining their degrees.
The importance of this outcome cannot be underestimated. For some authors (e.g., Zwick, & Sklar, 2005) , the best criterion to measure an institution's academic success is, precisely, the proportion of its students that complete their degrees in the allotted time. In this context, low graduation rates have a negative impact on institutions' rankings and, consequently, on their ability to attract students with greater academic potential. Moreover, student attrition represents a fiscal cost to institutions in terms of lost revenues from tuition, room and board, and alumni donations (Schuh, 2005; Raisman, 2013) . Attrition also constitutes a problem for society in general, due to reductions in the availability of college-educated workers in the labor market (Bound, Lovenheim, & Turner, 2007) . It also has a negative impact in terms of lower tax receipts for federal and state governments (Schneider & Yin, 2011) .
In view of these implications, it has been proposed that the task of admissions offices is to predict as accurately as possible which applicants would be most successful if admitted (Rothstein, 2004) . To do this, admissions policies have traditionally relied on proxies of academic aptitude, such as high school grades and standardized test scores, whose predictive power in terms of students' potential for success in college -especially as measured by first-year grade point average (GPA) and retention rates -has amply been demonstrated by institutional and scholarly studies.
At the same time, colleges and universities have been trying to modify their admissions policies in reaction to claims, made since the 1960's by progressive movements, demanding greater access to higher education of traditionally underrepresented groups.
Both objectives could be at odds to the extent that certain admissions criteria, especially standardized test scores, have historically correlated to variables such as gender, social class, racial or ethnic group, and parental educational attainment, and thus have tended to calcify inequities regarding access to post-secondary education (see, for example, National Association for College Admission Counseling, 2008; Zwick, 2012; Zwick & Sklar, 2005) .
In the context of these claims, during the past years many U.S. institutions, including some large state university systems, started to eliminate standardized tests or de-emphasize their use in their admissions processes.
1 This tendency has kept growing, and by 2014 over 800 colleges and
1 The movement to de-emphasize tests started with institutions such as Bowdoin College, which in 1969 adopted a SAT-optional policy, and City University of New York, which in 1970 implemented "open admissions." The movement gained impetus with the publication of Lemann's 1999 book The big test: The secret history of the American meritocracy, and President of the University of California R. Atkinson's 2001 speech at the annual meeting of the American Council on Education announcing that the institution no longer required the SAT for admissions (Epstein, 2009 ).
universities were not using the SAT or ACT to admit substantial numbers of their applicants to bachelor degree programs, including institutions that are "test optional", "test flexible" or otherwise de-emphasize the use of tests (National Center for Fair and Open Testing, 2014) . In 1994 the University of Puerto Rico (UPR) -the country's public university system-had likewise chosen to reduce the weight of standardized tests in the student's General Application Index (GAI), a combination of test scores and high school GPA (HSGPA) on which formal admission decisions to its academic programs are based. The change was motivated by concerns about diminishing enrollment and about the advantages these tests gave to private school students (who have consistently scored better on them) over those from public schools (generally from poorer families).
This study seeks to determine the possible effects of the new GAI regarding both its objective of promoting equity in the student body composition and as a measure of academic aptitude capable of predicting student success. With these aims, the study compares the old and new GAI averages of 11 consecutive entering cohorts at the Bayamón campus of the UPR (UPRB), 2 and models the graduation GPA (GGPA) of the first six of these cohorts in order to analyze the extent to which GGPAs are affected by GAI, gender, high-school of origin (public vs. private), academic program, and time to attain the degrees. Our findings could have important policy implications for other institutions seeking to promote equity without compromising academic standards and student quality.
With these aims, the rest of the paper is organized as follows. The second section presents the objectives, dataset and methodology; the third section analyses the data and discusses the results; and the fourth uses three different econometric approaches to model GGPA and evaluate the data's robustness. The article ends with a summary and conclusions.
Objectives, Dataset, and Methodology
This paper addresses the following questions: (a) To what extent does the new GAI promote equity in admissions to the UPRB among genders and among public and private school students? (b) What is the correlation between the new GAI and students' GGPA? (c) To what extent is the GGPA affected by other variables, including students' gender, high-school type, and academic program? (d) What are the effects on the GGPA of exceeding the minimum time required for graduation? (e) To what extent variations over the temporal trend in the relationship between GAIs and GGPAs point to the possibility of grade inflation in the GGPA distribution?
To determine the effects of the new GAI on both the general UPRB student body composition and that of its specific academic programs in terms of gender and high school type, the study considered 11 cohorts admitted to the institution in an eleven-year period, from 1995-96 (when the new GAI formula was implemented) to [2005] [2006] . The total sample consists of over 13,000 full-time (12 or more credits per semester) students. Since detailed UPRB admissions data prior to 1995-96 are unavailable, it is not possible to directly compare average GAIs before and after the change. To overcome this limitation, averages for the old GAI were computed using the relative weights it gave to each proxy for academic potential.
To develop the model to address the remaining questions regarding the determinants of the GGPA, the original sample had to be truncated to allow students enough time to complete all graduation requirements. The criterion used was that at least 12 semesters (150% of the time required to complete a bachelor's degree) had passed since the last class to be studied was admitted to the UPRB. Thus, each of the 8,258 incoming students admitted to the institution between 1995-96 and 2000-2001 was tracked until the end of the 2005-2006 academic year. Of these students, 420 graduated with an associate degree, 1,912 graduated with a bachelor's degree, and 75 obtained both degrees. Consequently, the final sample of this part of our study consists of 2,407 observations.
For each of the admitted students, the following data are available: HSGPA, scores of the verbal and mathematical aptitude tests administered by the Puerto Rico (PR) and Latin America Office of the College Entrance Examination Board (CEEB), GAI, high school code, gender, academic program to which she/he was admitted, academic program from which he/she graduated, and the UPRB GGPA. To identify the temporal trend ( T T ) of the six classes considered in this study, six dummies, whose reference group is the first cohort , are defined. Also defined is a time variable measuring the graduation lag in terms of the semesters exceeding the minimum time required for graduation ( )
14 . The academic programs are identified with eleven dummies, whose reference group is: Other Programs.
3 Dummies also identify the graduate's gender and school of origin; the respective reference groups are male and public. Appendix Table 1 describes the variables utilized in the study.
To evaluate the robustness of the data, we modeled the GGPA using three different econometric approaches. The first two use linear models (ordinary least squares (OLS) and quantile regression) to estimate, respectively, Models 1 and 2, reported in Appendix Table 2 , and the five models included in Appendix Table 3 . The third approach uses a maximum likelihood model to compute the probability with which a student may obtain access to a determined bound of the GGPA distribution, including the possibility of graduating with honors (Model 3, Appendix Table  2 ).
The first part of this study contributes to the literature by using a large sample to evaluate the possible effects on student body composition of decreasing the weight of tests in admission policies. This analysis is important to the extent that tests have consistently given advantages to male and private high school/wealthier students, and thus their use and effects should be subject to scrutiny when considering questions regarding equity in admissions.
The contributions of the second part include (1) utilizing a rich dataset that describes in detail each of the UPRB graduate from six consecutive cohorts; (2) combining historical data with results from three different econometric models that allow evaluating the findings' robustness; (3) focusing on the GGPA, an academic outcome which has received scant attention in the literature 4 in spite of the fact that it combines two measures of student success: cumulative GPA and attainment of degrees; (4) analyzing the correlation of the GAI, gender, high school type and academic program with the GGPA; (5) including a new variable related to the graduation lag or time required to complete degree requirements; 5 and (6) analyzing the possibility of grade inflation in the GGPA distribution.
The analysis of the correlation between students' new GAIs and their GGPAs is important in the context of ongoing debates over the predictive value of different proxies of students' academic potential. This analysis, and that of the correlation between other variables and the GGPA, is also relevant given that only 28.24 % of all incoming students considered in this study reached the expected goal of graduation.
6 Findings should shed light on areas that require institutional interventions aimed at increasing graduation rates.
Data Results and Discussion

Effects of UPR Admissions Policy Changes on UPRB Student Body Composition
As stated earlier, in 1994 the UPR decided to change its admission formula over concerns about decreasing enrollment and about the advantages of private school students over those from public schools (generally from poorer families) 7 in the standardized tests used as part of its GAI, 8 on which admissions to the different academic programs of each UPR campus are based.
9
In the previous admissions formula, implemented by the PR Council of Higher Education (CHE) since 1979-80, scores on the CEEB verbal and mathematical aptitude tests contributed onethird each to the GAI, while the remaining third corresponded to the student's HSGPA. 10 Under the new formula, used since the 1995-96 academic year, each test score represents 25% of the GAI, while HSGPA accounts for the remaining 50 percent (Menéndez Raymat, 1995) . To obtain the highest possible GAI (398), a student must have a 4.0/4.0 HSGPA and perfect scores (800) in each CEEB test.
years. On the other hand, some studies have analyzed the correlation between GGPA and gender (Cohn, Cohn, Balch, & Bradley, 2004) and high school type (Horowitz & Spector, 2005; Smith & Naylor, 2005) . 5 The variable is defined as follows: t t = semester to graduation -minimum degree required time. The minimum required time or thresholds are defined as 6 semesters for the associate degree and 12 semesters for the bachelor degree, respectively. 6 At the end of the 2005-06 academic year, the graduation rates of the six UPRB classes studied were, respectively: 28. 50%, 25.14%, 30.10%, 29.94%, 30.81%, and 25.62%. 7 According to the 2000 census (whose data roughly correspond to the period under study), 66.8% of PR households with students in public schools lived below the poverty level, and had an average income of $4,170 (Ladd & Rivera-Batiz, 2005, pp. 202-203) . 8 In the 1994-1996 tests, the difference in average scores between public and private high school students were, respectively, 453 and 520 in the verbal and 470 and 550 in the mathematics test; in 2002-2003, they were, 444 and 526 in the first and 466 and 549 in the second one p. 201) . 9 Admission decisions to each program are based exclusively on GAI scores except for a small number of cases of students with special abilities in areas such as sports and the arts, whose scores may be up to 20 points lower than the minimum required by a program (UPR, Portal de Estudiantes, 2014). 10 It should be noted that although the CHE certification that created the formula clearly established its "experimental" character and required the UPR to conduct empirical studies to determine its adequacy (Menéndez Raymat, 1995) , none were performed in the fifteen years in which it was in use. Moreover, few studies about the determinants of academic outcomes have been conducted in Puerto Rico, with the exception of those by the PR CEEB on the validity of its tests to predict first-year GPA.
Every year, each of the UPR's eleven campuses establishes the minimum GAI required by its different academic programs in response to trends in enrollment demand and the programs' capacity. At the UPRB, for example, this minimum now ranges from 335 (B.S. in Mechanical Engineering transfer program) to 235 (associate degree in Civil Engineering Technology), while at the Utuado campus (UPRU) it ranges from 290 (transfer program in Nursing) to 165 (various associate degrees in Agricultural Technologies). In the case of a program offered by different campus, the minimum sometimes is also different: for the B.A. in Office Systems Program, it is 250 at the UPRB and 203 at the UPRU.
The fact that the GAI required for each program is made public every year has led, from its inception, to a self-inclusion/exclusion process by which students themselves decide whether to apply to the UPR (and a particular UPR program), based on their GAI and the minimum established by the program. To a large extent, this policy led to a progressive and significant decrease in the number of applicants to the UPR (and especially those from public schools) since the implementation of the GAI, from 31,234 in 1979-80 to 13,719 in 1993-94 (-56 .08%) (Menéndez Raymat, 1995, pp. 26-31) .
11
Our analysis of the 11 cohorts admitted to the UPRB from 1995-96 to [2005] [2006] shows that, at the same time that all GAIs increased with the new formula, the change had the effect of reducing males' advantage over females 12 in the new GAI (GAI2) to only one point (286 vs. 285), and abolished the difference between private and public school students.
13 Given the greater weight that CEEB tests had in the previous formula (GAI1), male students' average score would have been seven points higher than that of females (274 vs. 267, respectively), while that of private school students would have been six point higher than that of public school ones (274 vs. 268), as shown in Table 1 . Since the same GAI formula is used in the UPR's eleven units, these results could be generalized to the whole UPR.
Moreover, since the GAI is used to determine admissions to specific academic programs in each UPR campus, the new formula also reduced the advantages that males and private school students previously had in admissions to several more selective programs, usually associated with males and with more prestigious and higher-paying jobs, as shown in Table 2. 11 At the same time, the number of applicants and of students enrolled in the country's less-selective private nonprofit or for-profit post-secondary institutions had been steadily growing. In 1949, 12,497 students were enrolled in public institutions (which include, besides the UPR, some specialized schools like the Conservatory of Music, the School of Fine Arts, and several technological institutes), while only 1,149 (9.2%) attended private ones. Some 20 years later , enrollment in private institutions had grown to 20,577 (32.5% of the total population) and, by the middle of that decade, overtook enrollment in the public sector. In 1990-91 (shortly before the UPR changed the GAI formula), 55,691 students were enrolled in public institutions, while the number of those in private ones had grown to 98,374 (63.9%) (Ladd & Rivera-Batiz, 2005, p. 192) . 12 Although the UPR was concerned with equity among students from private and public high schools, rather than with gender equity, its decision to apply equal weights to high-school grades and admission test scores increased the standing of female applicants to UPR relative to the previous admissions policy, since their test scores were also lower than males'. 13 Previous studies by Matos-Díaz (2008) and by Ragan, Li, & Matos-Díaz (2011) had already demonstrated the leveling effect of the new GAI on the general UPRB student body composition. 
GAI, GGPA, and Time Lag by Gender and Academic Programs
As stated earlier, 8,258 incoming students from six cohorts enrolled full-time at the UPRB from 1995-96 to 2000-2001. Of these, 59% were female and 41% were male. By the end of the 2005-2006 academic year, 1518 (63.07%) of the females and 889 (36.93%) of the males had completed their associate or bachelor's degrees. This increase of some four points in the proportion of female graduates vs. cohort enrollment tends to support the conclusion that student quality was not compromised by changes in the GAI benefitting females. Table 3 compares graduates' performance by academic programs and gender. Using GAI scores as proxy for student quality, the table shows that compared to females, male graduates started college with an advantage of one point (288 vs. 287). However, this advantage disappears when graduates are compared along academic programs. Females started college with higher GAIs than males in eight out of eleven programs. Females' greater advantage was in Electronics (25 points), a program traditionally associated with males (only 9 females graduated from it, compared to 189 males). Other traditionally male programs in which females' GAI is greater than that of males include Accounting and Business (in which they outnumbered males), as well as Computer Science, Engineering Technologies and Materials Management. They also have an advantage in Education, a program usually associated with women in Puerto Rico, and in which they vastly outnumbered males. Males exhibit advantages in three programs only: Physical Education (3 points), Other Programs (3 points), and Office Systems (16 points), but only one male graduated from this program, vs. 279 females, which makes the difference unimportant.
The females' advantage increases while in college, and they graduate with GPAs greater than those of males. Overall, females' GGPA is 0.16 points greater than that obtained by males (p-value < 0.0000). Their advantage is even greater when compared among academic programs since they exhibit greater GGPAs in ten out of eleven programs. These advantages range from 0.04 in Other Programs to as high as 0.23 in Electronics and 0.40 in Education. Only in Biology is their advantage reversed, but the difference that favors males is merely 0.01 (3.13 vs. 3.12), the smallest of all differences in GGPA between genders. Figure 1 provides added perspective on gender by showing student differences at the beginning of college, as well as at the time of graduation. The figure plots the kernel density functions of HSGPA and GGPA separately for males and females. The females' advantage is clearly depicted in both distributions. According to prior studies of U.S. student performance (Bridgeman, McCamley-Jenkins, & Ervin, 2000; Cohn et al., 2004; Rothstein, 2004) , females tend to earn higher grades in high school, whereas males tend to do better on admission tests. On the other hand, various studies have found that females tend to earn higher grades than males in college (see, for example, Betts & Morell, 1999; Grove & Wasserman, 2004; Leppel, 1984; Mau & Lynn, 2001 ). Our findings confirm those results: UPRB females performed better than males on HSGPA, GAI, and GGPA, while males only performed better on tests.
Finally, compared to males, females also exhibit advantages in terms of graduation lags. Overall, their average lag is 2.94 semesters, while males' value is 3.43 semesters, a difference of 0.49 semesters. Moreover, females perform better than males in eight out of eleven programs, and in two of them their lag is substantially smaller than males: Education (3.19 vs. 7.75, a difference of 4.56 semesters) and Materials Management (3.35 vs. 4.55, a difference of 1.2). Only in Accounting, Other Programs and Engineering Technologies is their lag greater than males'. In the first two, the lag is relatively small (0.07 and 0.2 semesters, respectively), but in the third it is more significant (4.54 vs. 3.65, i.e., 0.89 semesters). Therefore, females start college with higher GAI scores, graduate from college with better grades and complete their degrees faster than males. These findings strongly support the conclusion that student quality was not compromised by changes in the GAI benefitting females.
Figure 1. High School and UPRB GGPA by gender
GAI, GGPA and Time Lag by Type of High School and Academic Programs
Of the 8,258 students enrolled full-time in the UPRB in the six cohorts, 54% were from public and 46% from private schools. By the end of the 2005-2006 academic year, 1,302 public school students (54.09%) and 1,105 from private schools (45.91%) had completed their associate or bachelor's degrees, which corresponds to the general proportion of incoming students. The fact that the proportion of public school students that graduated is the same as that of the incoming classes tends to support the conclusion that student quality was not compromised by changes in the GAI. Table 4 shows that on average students from private schools started college with a GAI two points higher than that of public schools students (288 vs. 286). Nevertheless, in seven out of eleven programs, public school students' GAI scores were two to seven points higher than those of private school ones. Only in Accounting, Electronics, Engineering Technologies and Materials Management were their GAIs lower (by two points in the first two and by four points in the last). It must be noted, however, that most of these programs are associated with more prestigious and higher-paying jobs, in contrast to programs such as Education, Physical Education and Office Systems, in which graduates from public schools' GAIs were higher (by seven, three, and two points, respectively).
In five of the seven programs in which their GAI is higher, public school students' GGPAs are greater than those obtained by their counterparts from private schools, while graduates from private schools' GGPAs are higher in six programs. Differences in the GGPA between both groups usually range between 0.03 and 0.05, except in the case of Office Systems and Physical Education (in which public school graduates have an advantage of 0.14 and 0.09 points, respectively), and Materials Management (in which graduates from private schools' GGPA is 0.08 points higher). In spite of these differences, the GGPA of both groups of graduates is the same: 3.05, which also suggests that student quality was not affected by GAI changes benefitting public school students.
On the other hand, private school students perform better than students from public schools in terms of the graduation lag. On average, their lag is 2.89 semesters while that of public school students is 3.31 semesters, a difference of 0.42 semesters. In terms of specific programs, UPRB graduates from public schools lags range from 1.26 and 0.93 semesters (in Electronics and Materials Management, respectively) to 0.29 semesters (in Other Programs). Public school students exhibit shorter graduation lags in only three programs (Education, Physical Education and Office Systems), in which their advantages are, respectively, 0.14, 0.21, and 0.27 semesters. Although the explanation for these differences is beyond the scope of this paper, it has been proposed that the increase in time-to-degree could be associated with increased hours of employment among students (Bound et al., 2007) , which would possibly be more common among public school students, generally from lower-income families. 
Effects on GGPA of Exceeding the Minimum Time Required for Graduation
As stated in the Introduction, one of our study's aims was to determine the consequences on the GGPA of exceeding the minimum time required for graduation, which at the UPRB is two years for the associate degree and four years for the bachelor's. These graduation lags have important consequences for students, in terms of deferral of the higher wages associated with college completion and lowering the rate of return to college education, as well as to society in general, due to reductions in the availability of college-educated workers in the labor market (Bound et al., 2007, p. 4) , which has important implications for long-run economic growth (DeLong, Goldin, & Katz, 2003 , cited in Bound et al., 2007 . Table 5 compares the GGPA by academic programs at different points and intervals of the graduation lags distribution. A total of 237 (9.85%) students completed the graduation requirements in or before the allotted time ( ) − ≤ ≤ t t 1 0 . A second cluster of 303 (12.59%) and 657 (27.3%) students exhibits graduation lags of one and two semesters, respectively. As expected, these three groups of graduates obtained the highest GGPAs. On the other hand, a total of 825 (34.28%) students exhibit graduation lags of three to five semesters, inclusive. Finally, 329 (13.67%) and 56 (2.33%) graduates needed six to eight, and nine or more semesters in order to complete their degrees, respectively. Graduates belonging to these last three clusters obtained the lowest GGPAs. As already explained, females exhibit several advantages in terms of graduation lags, including an average lag 0.49 semesters smaller than that of males. Females also constitute the great majority of the graduates who finish their degrees in the allotted time (72%) and of those whose graduation lags are of only one (66%) or two semesters (62%). Private school students also exhibit advantages in terms of graduation lags, with an average lag 0.42 semesters smaller than that of public school ones. Moreover, private school students complete their degrees in the allotted time in a higher proportion than public school students (64% vs. 36%), but this difference substantially narrows when considering those with a graduation lag of one semester (51% vs. 49%) and the proportion is reversed in the case of those with a lag of only two semesters (44% vs. 56%).
Thus, three important findings come from Table 5 : (a) GGPAs vary inversely with graduation lags, (b) the existence of graduation lags is obvious and persistent across all the programs, but its incidence is significantly lower among females, and (c) private school students show marked advantages only regarding completion of degrees in the allotted time.
Statistical Models' Results and Discussion
Results of Linear Models
We used OLS regression to estimate Models 1 and 2, reported in Appendix Table 2 and quantile regression for the five models included in Appendix Table 3 . In Appendix Table 2 , Model 1 uses a dummy variable to identify the high school of origin (private = 1) while Model 2 uses 223 dummies to identify each of the UPRB graduates' specific high school of origin. The equation to be estimated in both models was specified as follows:
It is assumed that the disturbance term ( ) µ i is random and normally distributed.
It must be noted that the linear nature of Models 1 and 2 imply that the marginal effect of explanatory variables (such as school of origin, student quality (GAI) and gender) is uniform throughout the distribution of the GGPAs, independently of the bounds where it is evaluated. This aspect will be discussed when we explain results using a maximum likelihood model, and analyzed in light of the highly nonlinear ordered probability model, which allows for capturing the effect of all these considerations.
OLS Models
The first of the three columns to the right of Appendix Table 2 displays the estimated regression coefficients of Model 1 according to academic programs. The reference group is Other Programs. Graduates from the Engineering Technologies, Electronics, and Materials Management are at disadvantage. Other things being equal, the GGPA expected by a graduate from one of these programs is, respectively, 0.44, 0.29, and 0.25 points less than the one expected by a graduate from the reference group. These penalties may be associated with the academic rigor displayed by these programs' faculty or with the inherent difficulty of the curricula, which require specific mathematical skills. Graduates from all other programs exhibit smaller disadvantages (ranging from -0.19 in Business and -0.15 in Biology to -0.11 in Computer Science and -0.03 in Accounting). Graduates of only two programs, Education and Physical Education, exhibit very slight advantages over the reference group's graduates (+0.06 and + 0.003, respectively).
Likewise, the bachelor's degree graduates' expected GGPA is 0.14 points less than the one expected from the associate's degree graduates. This is a relatively high penalty, but the inherent difficulty of these programs' curricula is significantly greater than that of the associate programs. Everything else being equal, females' expected GGPA is significantly greater than that expected from males. The difference varies between 0.0664 points in Model 1 and 0.0753 points in Model 2.
According to Model 1, the GGPA expected from private school graduates is 0.02 points less than the one expected by public school ones. This result is in accordance with Horowitz and Spector (2005) , who reported an insignificant private high school coefficient in the GPA determinants at Ball State University.
14 They do, however, find a significant religious school coefficient of 0.055, but its effect disappears through time in college.
In Model 2, the effect that the 223 specific schools of origin have on UPRB graduates' GGPA is emphasized even more when it is controlled for each of them, for it is found that all 223 are statistically significant. Such a result implies that the inclusion of each school incorporates into the analysis other elements of valuable information about the socio-economic conditions of graduates' immediate environment. The evidence suggests that their effect on academic performance both in high school and in college is significant and long lasting, even many years after admissions to the UPRB.
Relationship between the GAI and GGPA
It was conjectured that, given the weight of the GAI in the admission process, it should play a significant role as a predictor of graduates' academic success in terms of the GGPA. To shed light on the matter, the coefficient of elasticity of the GGPA with respect to the GAI is computed. Its equation is included in the expression (2):
The main effect ( )γ = 0.1847 is positive and significant, which is consistent with the prior conjecture. Other things being equal, an increment of 1 standard deviation in GAI will increase the expected GGPA by 0.18 points. Thus, the GAI can be considered a strong predictor of academic success. These findings confirm those of a previous study using the same data base (Ragan et al., 2011) , which found that the new GAI produces the least mean squared error for predicting first-, second-, third-and fourth-year GPA, compared to other measures of academic potential such as the old GAI, HSGPA, and CEEB mathematics and verbal aptitude tests.
However, the interaction coefficients ( ) β T are all negative, implying that their relative importance as predictors tends to decrease throughout the temporal trend of entering cohorts.
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This progressive decrease of the GAI's predictive value could be associated with an inflationary trend in GGPAs.
The exercise described above lacks the limitations inherent to the linear nature of Models 1 and 2. According to Model 1, increases of 1 standard deviation in the GAI are associated with increases of 0.18 points in the expected GGPA, whether the prediction is made starting from the lower or higher bounds of the distribution. It is assumed that the marginal effect of the variable is the same throughout the entire distribution. Such a condition could be very restrictive and questionable.
Quantile Models
The estimated quantile regression 16 coefficients reported in Appendix Table 3 shed light on the issue of nonlinearities. In order to compare the coefficients of models 1 and 2 (Appendix Table  2 ) and models 1-5 (Appendix Table 3 ), all seven models were estimated using the same set of covariates. Appendix Table 3 reports the quantile regression coefficients estimated at different percentile points: 0.15, 0.25, 0.5, 0.75, and 0.85. For space limitations, only a few of the covariates included in Appendix Table 2 are reported in Appendix Table 3 . The private high school variable is significant only in the neighborhood of the 75 and 85 percentiles. Its signs and estimated coefficient values are consistent with prior results reported in Appendix Table 2 . On the other hand, female and GAI covariates are highly significant and nonlinear. Other things being equal, the GGPA expected by females is significantly greater than that expected by males. The difference varies from 0.052 to 0.077, depending on the percentile utilized as reference. Once again, the estimated coefficients are very similar to those reported in Appendix Table 2 ; however, they allow for capturing the nonlinearities of the variable throughout the grades' distribution.
At the 15 percentile and for the first cohort's graduates, an increment of 1 standard deviation in GAI will increase the expected GGPA by 0.14 points. The value of the estimated coefficient changes along the distribution depending on the percentile of reference and reaches its maximum (0.203) at the 75 percentile. A high proportion (88%) of the estimated interaction coefficients ( ) β T is negative, which implies that the effect of GAI on GGPA tends to decrease across time. Nevertheless, only 32% of them are significantly different from zero.
Results Using a Maximum Likelihood Model
To overcome the linear models' limitations, this section re-evaluates the results of some of the relations discussed utilizing a maximum likelihood (ordered probit) model to compute the probability with which a student may obtain access to a determined bound of the GGPA distribution, including the possibility of graduating with honors (Model 3, Appendix Table 2 ). For this purpose, a partition of the GGPA is made and five different rankings are defined, three of which are closely related to the institutional criteria used when granting honors at graduation. Let us consider the dummies of expression (3): (3) , , , , , According to the UPRB Academic Senate Certification No. 11 (1988-89) , Cum Laude, Magna Cum Laude, and Summa Cum Laude are granted to graduates whose GGPA are 3.00-3.32, 3.33-3.99, and 4.00 points, respectively. Therefore, 0 y and 1 y define the inferior bounds of the GGPA distribution for which there are no academic honors. Furthermore, 2 y corresponds with Cum Laude, while 3 y and 4 y define the higher bounds of the distribution and coincide with Magna Cum Laude. 16 The standard reference in this field is Koenker (2005) .
Using the expression (3), the ordered variable 18 The model to be estimated is specified in the expression (5):
The disturbance terms ( ) ε i are assumed to be normally distributed (zero mean and unit variance), with cumulative and density distributions denoted by ( ) Φ ⋅ and ( ), φ ⋅ respectively. 19 The fact that female graduates exhibit higher GGPAs than those obtained by males and that private and public school graduates have similar ones was previously documented. Econometrics results from OLS, quantile and probit models demonstrate the robustness of such empirical findings. Nevertheless, based only on these statistical results, their adequacy could be questioned. For example, one could conjecture the existence of a self-sorting process by gender, school of origin, the quality of students (GAI) and the inherent difficulty of their academic program's curricula. If it were the case that higher (lower) quality males (females) from private (public) schools applied mainly for admission in more (less) competitive programs and of greater (less) inherent difficulty, such as Biology, Electronics, Computer Science or Accounting, then the most probable results would be those reported by the statistical models. The estimated coefficients of Model 3 (Appendix Table 2 ) provide a simple mechanism for verifying this self-sorting conjecture's adequacy. It should be emphasized that the marginal effect of dummy variables (gender, high school type, and academic programs) over the probability that the GGPA will lie in any of the five rankings of the distribution should be estimated through simulations since their qualitative character lessens the validity of the computation of partial derivatives. Using the coefficients of Model 3 in said table and the sub-routine "Make a Model" 17 The variable is operationally defined as follows: supported by EViews package, the expected GGPA was computed using different scenarios. Each scenario considers the effect of gender, high school type, academic programs, and GAI. These simulations show that the probability of performance in the upper bounds of the GGPA distribution demonstrated by females, as well as that by public school graduates is greater than that demonstrated by males and graduates from private schools, respectively. 20 The estimated differences by gender and by school of origin are significant, ranging upwards of seven to nine percentage points (pp). When simulating the effects of the different academic programs and for the different values of the GAI, it is demonstrated that the results are robust and invariant to the inherent difficulty of the curricular content of the academic program of graduation, as well as to the quality of the graduates. Also, the differences by gender are invariant to the nature of the school of origin and vice versa. 21 These results are at odds with the prior self-sorting conjecture.
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The simulations mechanism was used to isolate the quality of the graduates based on their probability of performance in the different bounds of the GGPA distribution. The results of the simulations are reported in Appendix Table 4 . In this exercise, graduates are assumed to have completed their bachelor's degree in the allotted time ( ) < t t 1 and belong to the first class of the studied period ( 1 T ), while all other variables were evaluated at their reference group or mean values. An increase of 1 standard deviation in the GAI will increase the probability of the expected performance in the higher bounds of the grade distribution (GGPA ≥ 3.75) by 25 pp, while decreases of equal magnitude will reduce this probability by 12 pp. Meanwhile, increases of 2 standard deviations will increase this probability by 45 pp, while decreases of equal magnitude would reduce it to practically zero. The probability of the GGPAs of the other four rankings varies inversely in relation to the quality of the graduates. Thus, the probability of performance in the lower bounds of the GGPAs distribution (GGPA ≤ 2.49) is reduced to 50% (from 0.02 to 0.01) if the quality of graduates increases in 1 standard deviation, while a decrease of such magnitude would have the effect of increasing this probability by 100% (from 0.02 to 0.04). Therefore, the magnitude and direction of the GGPA responses to the changes in the quality of graduates would depend on the relative position in the GGPA distribution where it is evaluated. The specificity of these results cannot be obtained with the linear models that were previously discussed.
GGPA Behavior over the Temporal Trends
The three estimated models reported in Appendix Table 2 allow for the study of the GGPA's evolution on the two temporal tendencies used in the study: T T and t t . Models 1 and 2 allow for examining whether or not the evidence is consistent with the presence of inflation in the GGPAs distribution (for details refer to Jewel, McPherson, & Tieslau, 2013; Matos-Díaz, 2014) . Such a phenomenon would exist if the GGPA would tend to increase throughout time without a concomitant increase in the quality of graduates, as measured by the GAI. 23 Hence, it was required that the partial derivative of expression (6) be positive: 20 In Model 3, Table 5 , private school coefficient variable is not statistically different from zero. 21 The simulations of the effect of the changes in the quality of the graduates using deviants of one and two standard deviations from the mean of the GAI were done simultaneously in each of the academic programs considered. 22 The simulation results are not reported, but they are available upon request. 23 For a literature review refer to Hu (2005) , Johnes (2004), and Johnson (2003) . (6) ( )
The estimated coefficients ψ T are positive and significant (except ψ 2 ), while all the interaction coefficients ( ) β T are negative. The pattern of signs of the ψ T coefficients is consistent with GGPA inflation, since they tend to increase over the temporal trend of the new incoming classes even after controlling for the graduates' quality (GAI). This conclusion is reinforced given that the GAI variable is standardized. Therefore, GGPA inflation increases within the subset of graduates whose quality (GAI) is less than the mean. Thus, the GGPAs of students with lower GAIs tend to increase faster than that of those with higher GAIs. If, with the aim of recruiting, retaining and/or graduating more students, the academic programs make the academic standards more flexible, then the most probable result would be GGPA inflation, particularly among graduates with lower GAIs.
It is a different story when the temporal reference corresponds to the semesters in excess of the time required to complete the degree ( = t t graduation lag). In the case of the linear Models 1 and 2 (Appendix Table 2 ), all the estimated coefficients ( ) φ t are negative and significant. This result implies that prolonging studies at the UPRB does not benefit students, as the GGPA tends to decrease as they exceed the minimum time required for graduation. It is unclear if the GGPA tends to diminish because graduates exceed the minimum time required for graduation or if they delay the graduation date because they have not satisfied the minimum academic requirements necessary for graduation. To shed light on this point, the expected GGPA value was simulated in each of the rankings in Model 3 (Appendix Table 2 ) and the results are included in the graphs displayed in Appendix Figure 1 . It is evident that only the probability of the GGPA of the lower bounds of the distribution tends to increase as the graduates exceed the time required for graduation. Therefore, graduation candidates will fall into the lower bounds of the GGPA distribution to the extent they exceed the minimum time required. These results come from Model 3 (Appendix Table 2 ), a highly nonlinear one.
Summary and Conclusions
The main objectives of this study were determining the extent to which a 1994 change in the UPR admissions formula promoted equity among genders and among public and private school students, and the degree to which outcomes related to the GGPA are affected by students' GAI, gender, high-school type, and academic program. Related research questions address the effects on the GGPA of exceeding the minimum required time for graduation, and GGPA variations in relation to the graduates' quality (as proxied by the GAI) over the temporal trend of new incoming classes.
With these aims, the study compared the GAI scores of 11 cohorts admitted to the institution from 1995-96 to 2005-2006 with those that they would have had using the old GAI formula. The study also modeled the GGPA of the UPRB graduates belonging to six classes admitted from 1995-96 to 2000-01 and tracked to the end of the 2005-2006 academic year.
The change in the admissions formula eliminated the advantage students from private schools had over those from public schools and reduced to a minimum the advantage males had over females. In terms of the proportion of public high school students in the composition of the UPR, this change potentially helped reduce the wide gap in their representation in the public university system, in which private school students traditionally have accounted for close to 55% of matriculants, in spite of the fact that they represent only 25% of PR's high school graduates each year. The case of females is different, as they have been more than adequately represented in both our public and (to a somewhat lesser extent) private higher education institutions during the past decades. However, as the UPR uses the GAI to determine admissions to specific academic programs, the new formula also reduced the advantages that male and private high school students previously had in admissions to more selective programs, usually associated with more prestigious and higher-paying jobs.
On the other hand, the fact that the proportion of public school students that graduated is the same as that of the incoming classes, and that the proportion of females is even greater than that of the cohorts, tends to support the conclusion that student quality was not compromised by changes in the GAI.
This conclusion is also supported by our findings that the GGPA expected by females is significantly greater than that expected by males. This result is invariant with respect to the inherent difficulty of the academic program of graduation, the high school of origin, or the GAI. Females also exhibit advantages in terms of graduation lags, with an average lag of 0.49 semesters lower than males'. These findings confirm those of numerous other studies regarding the advantages that females exhibit over males in terms of different college and university academic outcomes. An explanation for this phenomenon is beyond the scope of this study. However, there is a growing literature in the fields of sociology and psychology, which deals with such important issues (Buchmann & DiPrete, 2006; Furnham, Nuygards, & Chamorro-Premuzic, 2013; Sackett et al., 2009) .
Although private schools started college with a GAI two points higher than that of public schools students, the GGPA of both groups was the same, 3.05, which also suggests that student quality was not affected by GAI changes. However, public school students' lag is 0.42 semesters greater than that of their private school counterparts, which may be explained by increased hours of employment by these students, which generally come from lower-income families.
The empirical evidence likewise demonstrates that the GGPA is directly, significantly and highly nonlinearly related to the GAI, which thus constitutes the best proxy of the graduates' quality. This finding confirms those of a previous study using the same database (Ragan et al., 2011) , which found that the new GAI is an accurate proxy for predicting student success. In this context, the UPR's new GAI formula might serve as a model for similar moderately selective institutions interested in de-emphasizing the use of tests in order to promote greater equity without comprising standards of academic excellence. Nevertheless, the nonlinear nature of the relationship implies that the effect of the GAI would depend on the distribution bounds of the GGPAs where they are evaluated. Therefore, it would be impossible to detect using linear models, as has been the norm in this type of study.
Evidence also shows that GGPAs vary inversely with graduation lags. Groups that graduated in or before the allotted time or with graduation lags of only one or two semesters obtained the highest GGPAs. The study also shows that the existence of graduation lags is obvious and persistent across all UPRB programs, but its incidence is lower among females and, to a lesser extent, males. The persistence of lags across all programs could be explained both by reductions in collegiate resources per student in public colleges outside the most selective universities and, as already explained, by increased hours of employment by students, as has been suggested by Bound et al. (2007) . In any case, these findings point to the need of institutional interventions to address the problem, which has economic consequences for both students and the institution.
Finally, upon analyzing the behavior of the GGPA on the two temporal references used in the study, the results obtained tend to complement each other. The GGPA exhibits an upward and significant tendency over the temporal trend of the new incoming classes consistent with the grade inflation phenomenon. However, the GGPA varies inversely with the graduate's quality (GAI). Such a result points to the possibility of reductions in the academic standards by the programs and departments with the aim of recruiting, retaining and graduating more students (Matos-Díaz, 2012) . Evidence also points to the conclusion that the probability of grades in the lower bounds of the GGPAs distribution increases to the extent that graduates exceed the time required for graduation.
In view of the fact of wide divergences among different post-secondary institutions, these findings and method are not easily generalizable. Potentially, findings could differ for elite, highly selective colleges and for colleges with relatively less demanding admissions standards. As is the case with many other similar studies, each of our conclusions must be tempered according to each institution's specific characteristics, including its mission and vision, size, demand for admission, and retention policies and programs, among others.
We do hope, however, that our findings might provide some guidance to similar institutions now reflecting on the complex issues involved in attempts to balance equity considerations with those regarding institutional efficiency and the maintenance of standards regarding student quality and academic excellence. Figure A1 . Relationship between expected GGPA and graduation lag Notes: Simulations come from Model 3, Table 4 , and are based on the first cohort ( ) Readers are free to copy, display, and distribute this article, as long as the work is attributed to the author(s) and Education Policy Analysis Archives, it is distributed for noncommercial purposes only, and no alteration or transformation is made in the work. Please contribute commentaries at http://epaa.info/wordpress/ and send errata notes to Gustavo E. Fischman fischman@asu.edu Join EPAA's Facebook community at https://www.facebook.com/EPAAAAPE and Twitter feed @epaa_aape.
